He postulated a mechanism in which Lewis acids act as a catalyst that promotes an intramolecular disproportionation reaction, which results in polymer-chain degradation.
Other static degradation studies, conducted to look at the effects of certain metals or metal alloys in the presence of particular PFPEs, have shown that PFPE degradation is highly dependent upon the chemistry of the substrate.
For example, an unbranched PFPE lubricant showed more degradation at 288°C in the presence of M-50 steel and Ti-4AI-4Mn than in contact with either pure titanium or pure aluminium [25] .
Some studies have applied the concept of modifying one or both of the surface chemistries by coating or ion implantation and observing the associated tribological characteristics.
Carr_ [20] demonstrated that the PFPE, boundary lubricated, wear life was increased by a factor of 5 to 10 by using TiN-coated 440C test specimens. It was concluded that the resulting microstructures inhibited the formation of reactive sites.
Another
way to inhibit tribologically induced degradation may be to passivate the contacting surfaces, which might inhibit the formation of Lewis acids in the presence of fluorinated oils, or decrease the availability of reactive sites on the surface, thus, extending the lubricated lifetime.
The objective of this work was to study the effect of various passivation techniques on the lifetime of PFPE lubricated (Krytox 16256 and Brayco 815Z), 440C stainless steel couples in sliding and rolling contact. Chromic acid passivation (similar to 2,4) and TCP (similar to 1-10), as well as a modified chromic acid passivation technique (which uses a higher temperature and a longer reaction time), and UV/Ozone treatment [28] were studied in sliding contact.
TCP and UV/Ozone treatments were also examined in rolling contact. UV/Ozone treatment has been used to remove carbonaceous contamination from surfaces. A demonstration of their effectiveness in prolonging lubricity is sought rather than a detailed description of the associated chemical degradation mechanisms.
EXPERIMENTAL

TRIBOMETERS
Ball-on-disk (BoD) Tribological testing of each disk/ball couple was performed on the fixed ball-on-disk tribometer shown in Figure 1 . All tests were performed using a relative sliding speed of 0.05 m/s and a 3N normal load, which generated an initial Hertzian contact pressure of --0.69 GPaTests were performed in dry N2 (< 2% RH) at ambient temperature (-25°C).
Friction force as a function of disk revolutions (cycles) was recorded for e,ach test.
After a test, the ball was rotated to expose an unworn surface and the fixture was extended so the ball would contact the disk at a different radius.
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By doing this, three wear tracks, 1.59 mm (1/16") apart, could be worn on each disk.
Load
Offsetting
Lubricant lifetimes in rolling contact under vacuum were examined using the spiral orbit tribometer (SOT) shown in Figure 2 . The SOT is essentially a thrust bearing with a single ball and no retainer. The lower disk is fixed and the top disk rotated. The ball rotates in a spiral orbit and the guide plate is used to return the ball to its original orbit once per revolution. The force the ball exerts on the guide plate is measured and friction force can be calculated. Accelerated testing is achieved by limiting the amount of lubricant available to micrograms, which is completely consumed during the test. Lifetime is defined as the number of orbits before the friction coefficient exceeds a predetermined value. The tribometer is further described in References 29-32 and it previous usages appear in The effects of TCP passivation and UV/ozone treatment were examined using the SOT. All tests were performed using a mean Hertzian stress of 1.5 GPa, room temperature (-23°C), a vacuum <1.3x10" Pa, 200-RPM rotational speed, and 50 pg lubricant.
MATERIALS Ball on Disk Tribometer
Disks and bearing balls made from 440C stainless steel (fully hardened) were used. The 440C disks were 17.5 mm (11/16") in diameter and 4.76 mm (3/16") thick. Each disk was polished to a mirror finish having an arithmetic roughness average, R,, of -0.01 tJm. The bearing balls were Grade 10 and had a diameter of 9.53 mm (3/8").
Spiral Orbit Tribometer
Disks and bearing balls made from 440C stainless steel (fully hardened) were used. The 440C disks were 50.8 mm (2") in diameter.
The disks and guide plate were polished to a mirror finish having an arithmetic roughness average, R,, of -0.01 }Jm. The bearing balls were Grade 25 and had a diameter of 12.7 mm (1/2").
Lubricant
The surface preparations tested were: unlubricated and untreated (unpassivated), unlubricated and treated (passivated), and passivated and unpassivated disks that were lubricated. Throughout this report the term "unpassivated" refers to pairs that have not been passivated or 
APPLICATION OF LUBRICANT FILMS Ball on Disk Tribomet_r
Thin film deposition was accomplished by using the apparatus shown in Figure 3 . This is a derivative of the deposition process known as dipping. In this process, a specimen is lubricated by slowly withdrawing it at a constant speed from a solution of the fluid in a volatile solvent.
As the solvent evaporates, a thin film of the non-volatile fluid remains on the surface.
In this procedure, both solution concentration and withdrawal speed govern the applied film thickness [36] . For the apparatus used in this study, gravity driven solution flowed past the stationary specimen. The surface speed that the solution attained was approximately 0.8 mm/sec.
Each disk was lubricated using a solution with a concentration of 5.0 g of PFPE lubricant in 100 ml of solvent (a perfluorinated cyclobutane). For the SOT tests, only the ball is lubricated with -50 _g of oil. This uptake is achieved by holding the ball on a fixed point and rotating it while placing droplets of lubricant dissolved in a solvent on it. As the solvent evaporates, a lubricant film is deposited.
The exact lubricant charge is determined by weighing the ball before and after deposition with a sensitive balance. The disks are unlubricated.
LUBRICANT FILM THICKNESS MEASUREMENTS (BALL ON DISK TRIBOMETER)
The PFPE thickness on each disk was measured using an infrared microscope (p-FTIR) in the reflectance mode using a Grazing Angle Objective (GAO) with a Mercury Cadmium Telluride (MCT) detector. The instrument's spectral resolution was 4 cm". A gold-coated glass slide was used as the background. Absorbance as a function of wave number was determined for each film at three different radii on the disk's surface, approximately 120°apart using an analysis spot diameter of 100 IJm.
Theoretical thin film optical calculations have been performed to model the PFPE film's behavior in the infrared spectral region [37] . These results are plotted as absorbance of the 1313 cm" band as a function of film thickness.
After experimentally obtaining the absorbance of the 1313 cm" band, the corresponding film thickness was calculated.
The FDD apparatus produced PFPE film thicknesses of -400A. Lubricant uniformity across any one surface was ± 15%. The error associated with surface-to-surface film thickness repeatability was ± 20%.
RESULTS AND DISCUSSION
BALL ON DISK TRIBOMETER
Establishment of the Lubricant-Failure Criterion Lubricant failure occurred when the friction coefficient increased to a value typical of an unlubricated, unpassivated disk/ball couple. When failure occurred, it was argued that the protective layers (applied lubricant, surface oxide, and/or additional passivation layer) either wore off, ruptured, or broke down. Figure 4 shows the mean friction coefficient as a function of cycle number for three wear tracks on two separate unlubricated, unpassivated couples.
Mean friction coefficient was the mean of the friction coefficients of the complete revolution over the indicated cycle. Typically, friction coefficient fluctuations over a Beyond failure, variations of the friction coefficient over a rotational cycle, as well as the mean friction coefficient were sporadic. On some wear tracks, the mean friction coefficient dipped below the failure line after it had reached failure (rarely dipping below~0.4). This decrease was caused by the rapid growth of the wear scar's width coming into contact with fresh, unused PFPE lubricant. This fresh lubricant decreased the friction coefficient before it too degraded, causing the mean friction coefficient to again rise above the failure limit. These sporadic variations were also considered an indicator of failure.
After performing a number of the tests, it was apparent that the lifetimes had a significant spread in their values for each of the unpassivated and passivated conditions. These spreads in lifetime appeared random, as they were not dependent upon either a particular disk or radius of wear track. Weibull statistics [38] were used to characterize this data.
The Weibull plot for the unpassivated disk/ball couples lubricated with Krytox 16256 is shown in Figure 7 . Each data point represents the lubricated lifetime of one wear track. The Median Rank Line represents the most probable failure history for the next section. samples, that is, the fraction of a group of samples that can be expected to fail (i.e. exceed 0.63 friction coefficient) as a function of the number of sliding cycles. This line suggests 60% of a given number of tests can be expected to undergo failure at or before -3700 cycles.
Given an infinite number of tests, the 90% confidence bands were in the region in which the lifetimes of 90% of those tests would reside. The usefulness of a Weibull plot can be demonstrated by relating it to the reliability of a component.
For a typical space bearing, which cannot generally be retrieved for maintenance, reliability is very important.
If greater than 99% reliability is desired in a lubricated couple, then the number of cycles that it is allowed to experience should be less than the value that will generally produce failure 1% of the time.
For the unpassivated samples in Figure 6 , 1% of them are predicted to fail by -120 cycles.
By comparing each passivation technique's Weibull plot to the plot of the unpassivated specimens ( 
